INTRODUCTION 44
Life history traits such as age and size at first reproduction are typically expected to 45 be under strong selection, given their close links with Darwinian fitness (Stearns 1992, Roff 46 2002). All else being equal, genotypes that reproduce as early as possible in life should have higher relative fitness than those that first reproduce at older ages (Brommer et al. 2002) . In of ABI fluorescent labelled forward and/or unlabelled reverse 'pig' tailed PCR primers 165 (Appendix A.1 for details on labelled and unlabelled primers, and specific primer 166 concentrations per marker loci). Samples were overlain with 10 μl of mineral oil to prevent 167 evaporation. Thermocycling conditions for both multiplex panels were as follows: an initial 168 denaturation step of 15 min at 95 o C, followed by 28 cycles of 95 o C for 30 sec, 57 o C for 90 169 sec and 72 o C for 60 sec. This was followed by a final extension step of 30 min at 60 o C. All 170 reactions were carried out using Techne TC-Plus thermal cyclers, with a heated lid at 105 o C. 171 Amplified fragments were diluted one-tenth with double-distilled H2O, and 1μl of this 172 dilution was added to 9 μl of HiDi formamide (Thermo Fisher Scientific) mixed with Gene 173 Scan 600-LIZ size ladder (Thermo Fisher Scientific). 174 Diluted PCR products were analysed on a 96 capillary ABI 3730XL DNA analyser 175 (Thermo Fisher Scientific), and the fragment size analysis (i.e. allelic calls) for genotypes 176 carried out using GENEMAPPERv4.1 (Thermo Fisher Scientific). Genotypes for each 177 microsatellite locus/specimen were individually checked and manually confirmed prior to 178 their addition to an electronic database. Over 50% of the genotyping was independently 179 repeated to ensure consistent scoring (i.e. to minimise scoring errors). Locus-specific 180 statistics including allele numbers, heterozygosity, allelic richness and deviations from Parental cohorts were defined as adults returning to spawn at the Girnock in each autumn. For 188 each such spawning cohort, a sub-set of later returning adults that comprised the full span of 189 their sea-going progeny, by all possible river-age (1 to 4) and sea-age (1 to 3) range 190 combinations, was assembled as putative offspring. For instance, returning adults caught in 191 the trap between 1993 and 1998 were analysed as putative offspring for the 1991 spawning genotypes are known. In summary, FAP was used to search all potential offspring for the 195 given spawning cohort and to exclude those that could not derive from a given putative pair 196 of male and female adult parents (based on field-observed sexes). The output was a list of 197 'family-trio' identities (potential female parent, male parent, offspring), together with 198 information on the number of loci matching exactly, the number of evidently mismatching 199 loci, and the list of such mismatching offspring loci. This process was repeated, separately, 200 for each adult cohort from 1991 to 2006 (i.e. for all spawning cohorts for which full-sets of 201 putative returning adult offspring were available in the sample database).
202
The resulting cohort-specific lists of putative family trios were manually examined 203 and any mismatching loci for the putative offspring and its parents were double checked back 204 to the original ABI raw chromatogram data. Most allele mismatches involved single marker 205 loci and resulted from one individual (one parent or the offspring) being incorrectly assigned exclusion power' of the data (i.e. power of the markers to correctly assign individuals to a 213 given set of known families).
215
Power analyses for heritability estimation 216 In order to quantify the statistical power in this dataset to detect true non-zero h 2 , a power 217 analysis (see Appendix B.3 for full details) was conducted in which a range of h 2 values were 218 simulated (h 2 = 0. 05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.40, 0.50, 0.75) using the rbv function in 219 MCMCglmm (Hadfield 2010). One thousand replicate simulations were run for each 220 simulated h 2 value, and each time the estimated h 2 and its associated P-value based on 221 likelihood ratio tests were returned and saved. Power was then calculated as the proportion of 222 P-values that were <0.05. was included in the univariate models for both traits, to control for the fact that males may 237 mature at a younger age, on average, and hence also are smaller as adults, than females. Year-238 to-sea (the year the focal individual migrated to sea as a smolt, known from scale readings) 239 was used to define temporal cohorts (i.e. VY, see Appendix B.2).
240
Adult body size (measured in centimetres and treated as a Gaussian variable) was first 241 natural logarithm (hereafter simply log) transformed before fitting the animal models, as 242 preliminary exploratory analyses indicated that this transformation minimised autocorrelation 243 between MCMC samples and yielded less skewed posterior distributions of the parameters.
244
In Atlantic salmon, among-individual variation in adult body size is strongly affected 245 by sea-age, as fish that remain at sea an extra year have more time for marine growth. The 246 mean size of 1SW salmon in our 1990-2012 sample, for example, was 55.8 ± 2.1 (S.E.) cm, 247 whereas the mean size of MSW salmon was 68.4 ± 2.1 cm. If sea age itself is heritable (i.e. if 248 the propensity to stay >1 year at sea has a genetic basis), then the h 2 of adult body size as 249 estimated from a univariate animal model will conceptually encompass the effects of genes 250 influencing sea age (which in turn drive size variation among sea-age classes), as well as, 251 genes influencing body size variation within sea-ages. To capture this heritable effect, a new 252 variable "sea-age-corrected body-length", (denoted ̂, ), was constructed as follows:
where , corresponds to the log body-length of individual i of sea-age category a (1SW or 255 The trait sea-age was treated as a binary variable, with a value of 0 corresponding to 259 maturation after one sea-winter and a value of 1 to maturation after two or more sea-winters 260 (178 of the records in the dataset were 1SW adults; among the MSW adults, only 5 out of 323 261 spent three winters at sea, and only one fish spent four winters at sea). A probit link function 
266
In the next step, bivariate animal models (both traits included as response variables) 267 were used to partition the overall phenotypic (co)variance between body-length and sea-age- This effectively corrected adult body size for variation due to sea-age, and the resulting rG 281 and rE estimates from BV model 2 correspond to the genetic and environmental correlations 282 (respectively) between "body size-within-sea-age" and sea age.
All quantitative genetic parameter estimates are reported as posterior means ± HPD intervals. During our 1991-2011 study, a total of 1,733 anadromous adults came to the Girnock to 296 spawn [annual average 75.3 (range 29 to 144, total adults)], of which the great majority 297 (97%, range 88% to 100%) in every year, were of known sex, sea-age and river-age. The 298 annual proportion of returning adults that had prior-clipped adipose fins, indicating that they 299 were both reared above the Girnock trap and trapped as juvenile emigrants, averaged 47% 300 (range 31% to 76%). The remaining 53% of unclipped returning adults are assumed to have 301 either: 1) passed over the smolt trap and not been marked; or, more likely, (2) to have been 302 reared below the Girnock trap. If reared below the Girnock trap, they were probably reared 303 outside of the Girnock catchment (only 18% of fully-grown parr are estimated to be reared 304 within the Girnock catchment but also below the Girnock trap, a region comprising just 8% 305 of the Girnock's wetted area (Glover pers comm.)). An annual average of 47% of known-sex Convergence was good for all animal models (results not shown). The univariate model of 355 body-length (UV model 1) showed that additive genetic effects (VA) accounted for 356 approximately one-quarter of the total phenotypic variance ( The results of the bivariate animal model of adult body length and sea-age (BV model 369 1) mirrored those of the univariate animal models in terms of the estimated heritabilities for 370 the two traits (h 2 of adult body length = 0.26 and h 2 of sea-age = 0.48 in BV model 1; Table   371 3). The estimated genetic correlation between these traits was very high in the bivariate 372 model where body length was not adjusted for sea age (rG = 0.96; Table 3 ). The results of the 373 bivariate animal model of sea-age-corrected body length and sea-age (BV model 2) also 374 largely mirrored those of the univariate models in term of the estimated heritabilities for the 375 two traits, although the h 2 of sea-age-corrected body length was somewhat lower (h 2 of sea-376 age-corrected body length = 0.06 and h 2 of sea-age = 0.53 in BV model 2; Table 3 ). The 377 estimated genetic correlation between these traits was positive (rG = 0.33) but the HPD intervals overlapped zero (Table 3) , indicating that the rG was not significantly different from 379 zero.
380
A power analysis showed that the Girnock data had sufficient power to detect h 2 > 381 0.22 with >80% confidence with no inherent bias in the data-set (Fig.2) .
383
Testing for microevolutionary trends 384 The temporal trend in estimated breeding values for the trait "sea-age corrected body-length" 385 was estimated at -0.0001 log(cm)/year (95% quantiles: -0.0008 to 0.0004). This trend in 386 estimated breeding values was not statistically significantly negative, as only 67.4% of the 387 posterior distribution of estimated temporal slopes was less than zero. The probability that 388 this very small trend in estimated breeding values was more negative than one would expect 389 based on random genetic drift was 63.3%, again indicating a lack of any evidence for a 390 microevolutionary response to selection. .
391
The temporal trend in estimated breeding values for the trait sea-age was estimated at 392 -0.017 liability units per year (95% quantiles: -0.053 to 0.009). This trend in estimated 393 breeding values was not statistically significantly negative, as only 81.8% of the posterior 394 distribution of estimated temporal slopes was less than zero. The probability that this trend 395 was more negative than one would expect based on random genetic drift was 74.3%, again 396 indicating a lack of solid evidence for a microevolutionary response to selection. Our data from a well-studied, single, wild population of Atlantic salmon show that sea-age 400 and body-length are both quite strongly heritable and, importantly, that the two traits are 401 strongly genetically correlated. However, when sea-age is alternatively correlated to body-length within each sea-age class (i.e. sea-age corrected body-length), the genetic correlation is 403 then not significantly different from zero, and nor is the h 2 for sea-age-corrected body-length, 404 implying that individual variation in size within sea-ages does not have a heritable basis.
405
Most studies estimate quantitative genetic parameters in laboratory, or in the case of fish, indirectly account for some of the variation in adult size if, for example, larger smolts grow 506 faster at sea (e.g. due to feeding advantages of initially larger size within shoals of post-507 smolts, which would set up a positive feedback).
508
A lack of (strong) genetic influences on marine growth is somewhat unexpected, 509 given that genetic variation could operate via a range of mechanisms here; e.g. some 510 genotypes could be better foragers, or target different prey types, or have different inherited 511 marine migration pathways or destinations, that expose them to more or less growth 512 opportunity, or be more efficient at converting food into somatic growth, etc. Moreover, were very short or if late-returning genotypes have lower marine growth rates than early-518 returning genotypes, such that final size differences among them are minimal. At present we 519 can only speculate on this, as we do not have reliable information on coastal return-dates to 520 estimate the h 2 of that trait and potential genetic correlations with body size, or indeed sea-521 age. Our tentative conclusion at this point is that environmental drivers of body-length 522 variation within each sea-age class are simply much larger in magnitude than any genetic 523 influences.
524
Our tests for microevolution during the period 1990~2012 did not reveal any 525 genetically based trends towards reduced average sea-age, nor towards smaller body-size. Girnock and Baddoch) have shown a significant decline in MSW numbers whilst 1SW large geographic scale, but factors other than climate may of course be at play. A clearer 553 understanding of the relative roles of microevolution and plasticity and their 554 environmental/anthropogenic drivers could be achieved by extending this pedigree study over 555 a longer period to match the longer-term phenotypic data.. Girnock pedigree. Column 2 shows the total number of individual fish spawning in that year 797 (Column 1) that appeared either as parents or offspring within "parent-offspring trios" (where 798 a trio represents one offspring and both its genetically-assigned parents). For example, an 799 adult returning in 1996 could be recorded as being in a trio in that year (i) because it mated 800 with another fish in that year and produced at least one surviving offspring that itself was 801 DNA-sampled as a spawning adult (e.g. six years later in 2002); (ii) because it was itself 802 assigned two parents (which might have spawned and been DNA-sampled in 1991, for 803 example), or (iii) for both reasons (i.e. some fish appear in the pedigree as both offspring and 804 parents). Columns 3 and 4 break Column 2 down by sex. Column 5 specifies how many of 805 the fish enumerated in Column 2 were themselves assigned two parents, while Column 6 806 specifies how many were assigned no parents. 
